Résumé
Nivert (1985) , however, consider that for common uses of Douglas-fir, timber from wide-spacing 1 plantations should not be subject to discrimination. On the basis of modulus of elasticity and bending 2 strength values measured on boards, Nepveu and Blachon (1989) recommend that to guarantee the 3 best mechanical properties, at least for structural uses, a ring width of 5 mm should not be exceeded. 4 To put this into perspective, one can mention that the maximum RW allowed by the Belgian and 5 French Visual grading standards (NBN B16-520 and NF B52-001) for accessing the best grade class is 6 6 mm (and even 8 mm in some circumstances according to NF B52-001). 7 It is worth mentioning that few studies on Douglas-fir wood grown outside its native range 8 were performed on small clear specimens. These tests however allow objective characterization of 9 wood properties as well as inter-specific comparison of Douglas-fir with other species used for the 10 same purposes -in this study larch (Larix decidua Mill.) and spruce (Picea abies (L.) Karst.). One 11 should bear in mind, however, that the levels of the measured properties cannot describe full boards, 12 whose properties are influenced also by defects such as knots, slope of grain, etc.
13
Given the range of potential Douglas-fir uses (structure, cladding, interior and exterior 14 woodwork...), it is important to make sure that dynamic silvicultural practices do not compromise 15 some uses. In this context, the main objective of this study was to test the effect of growth rate 16 (expressed through ring width measured on test specimens, RW s ) on the physico-mechanical 17 properties of Douglas-fir wood. As a corollary, the effect of wood density on the other properties was D r a f t 6 were avoided. The sampling methodology was designed so that the stands involved in the study were 1 representative of contrasting silvicultural management practices (although little information was 2 available regarding the management practices in some stands). The mean annual radial increment of 3 the trees, i.e. ring width (RW t ), calculated on disks located 2 m high in the standing tree, ranged from 4 3 to 7 mm (Fig. 1) . Fig. 1 also presents the average of the six RW t values within each stand, as an 5 indicator of stand growth rate. 6 The cutting pattern of the test specimens was identical for all trees (Fig. 2 ). An 85-mm-thick 7 central plank containing the pith was cut perpendicularly to the longest radius -in order to avoid the 8 presence of reaction wood -within the 0.6-to 2-m-height logs of the 66 trees. This plank was 9 longitudinally sawn, from the pith, into two half-planks, to avoid shrinkage cracks during drying. After 10 natural drying, both half-planks were sawn parallel to the grain into 30-mm-thick battens starting from 11 the bark. These were stored under a standard atmosphere of 20 ± 2 °C and 65 ± 5% relative humidity 12 in order to stabilize the wood moisture content at 12 ± 1%. The batten near the pith was numbered "0", 13 and the remaining battens were number successively towards the bark. The battens were then cut into 14 three chunks of 400 mm minimum length, optimizing the cut to discard knots and other defects.
15
These chunks were cut longitudinally into three bars (400 x 30 x 26 mm³). Among the nine 16 bars produced from each batten (corresponding to one radial position), four were selected according to 17 criteria defined in the standards used in this study, i.e. straight grain without knots or defects. These taken from these four large samples after the impact and static bending tests were performed (Fig. 2) .
23

Technological tests
24
The tests were performed on standardized specimens according to French and ISO standards. where V s and V 0 are the volume of the water-saturated and oven dry specimen, respectively. Total performed with a pendulum machine test where a hammer strikes the specimen at its center along the 10 direction tangential to the ring. This property is important for mobile uses (crates, sport articles, handle 11 tools...).
12
The following mechanical tests were performed with an Instron ® 5500 series testing machine. 
Effect of density
12
The graphs of figure 3 illustrate the relationship between density (at 12% moisture content) 13 and the various properties studied, distinguishing juvenile from mature wood. (Fig. 3 , graphs a to h). One should note, however, that for a given density, the average value of 3 the modulus of elasticity (E) is more than 1000 MPa higher in mature than in juvenile wood (Fig. 3,   4 graph a).
5
On the basis of the regression equations presented in Fig. 3 , the relative variations of the 6 different properties induced by a 1% change in density were determined. For each property, the 7 reference value corresponds to a density of 500 kg/m³. On average and whatever the nature of the 8 wood, a 1% relative increase in density leads to:
9 an approximately 1% increase in β tang and β vol and 1.3% increase in β rad ; 10 a 1.2% increase in σ c ; 11 a 1.4% increase in E and σ f ; 12 a more than 2% increase in K and N.
13
Effect of the mean ring width of the specimen (RW s )
14
The graphs of figure 4 illustrate the relationship between the mean ring width measured on the 15 test specimens (RW s ) and the properties studied, distinguishing juvenile from mature wood.
16
In mature wood, all the properties decrease significantly as the mean ring width increases 17 (Fig. 4 , graphs a to i). The first equation shows the significant correlation between density on the one hand and ring age). Hence, given that assessing the effect of ring width was the primary objective in this research, 10 the regression models were kept simple by introducing only ring width and cambial age as fixed 11 effects, and site and tree(site) as random effects.
12
Statistical analysis reveals a highly significant site effect only for the modulus of elasticity.
13
The random site effect (including genetic provenance and environmental factors) does not seem to be 14 a major source of variation, accounting for only 4-7% of the total variability, except for E. 2;3[ [3;4[ [4;5[ [5;6[ [6;7[ [7;8[ [8;9[ < 5mm > 5mm ρ12 (kg/ 
